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® SSB modulator. 



@ The SSB modulator according to the present invention is comprised of a driving voltage generator (5), a 
diode (3), a bias supply circuit (4), an impedance transformation circuit (2) and an input/output terminal (1). It is 
so arranged in the SSB modulator that the impedance of the diode (3) is changed by changing the driving 
voltage impressed to the diode (3), resulting in the mismatching of the impedance, which leads to generation of 
the reflected wave. Therefore, by changing the amplitude and the phase of the above-obtained reflected wave, 
SSB modulation is effected. Accordingly, the SSB modulator of the present invention requiring no particular side 

^band filter is compact in size, light and weight and low in manufacturing cost, with a simple structure of the 

^circuit. 
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SSB MODULATOR 



1 . Field of the Invention 

The present invention generally relates to an SSB modulator used in the microwave region. 

2. Description of the Prior Art 

A vane, of ide— ^ J «~ -J. ~ac^ ^ r^e^^ 5 
recent years • nee sue ' sucn P as ^ a Somobile vehicle or a freight car is present in a 

5 r***^^^^^! t0 , transponder, it is received and modulated by the transponder on the 
,s rad.ated from an into rrogator to a *™ ' mod ulated microwave is radiated again to the 

basis of information ^^J^J^^ mTcrowave. thereby to obtain information about the 
interrogator wNch -n ^^^^tTmovinQ object, the kind of the moving object, or the 
!T!22S2»J in ^'the ideScation system. Since the wave sent and received by the interrogator in the 

° T ^^McaZ sZ em has the same frequency, the circuit construction can be simp.rf.ed ,f 
T^^"sSsZ^on system and the interrogator employs the homodyne wave- 

dete Conventon°a? methods for SSB modulation are illustrated in Figs. 5 and 8. In the method of Fig. 6. that 
• ?kI S^le-Fnterina Method the carrier wave and the modulated wave are multiplied in a balanced 
?S modular 1 TlZr^leTeV^ side band is extracted by a side band filter 12 from outputs of the 
modulator 11 .Then, only I J f fUter „ used for tne side band filter 12. wh.ch ,s 

S t Thavf cut-off characteristic. On the other hand, the method shown in Fig 7 is 

Sled a Phase-Shift Method according to which the modulated wave and the carrier wave are respectively 
M dSd intTtwo Each one of the modulated wave and the carrier wave after division are multiphed I m a 
T^eT^u ^ 15, while the others of the modulated wave and the carrier wave are respectively 
Slaved 90- in phase by phase shifters 16 and 17. and then mixed in a balanced modulator 18. Thereafter, 
ou S signals from the balanced modulators 15 and 18 are added in an adder 19. to obtam an SSB signal. 
However, according to the above-described SSB modulator employing the Selective-Filtering Method 
c .in^ nntJ the necessary side band is extracted from the resulted modulated wave by the s.de band niter 
35 ^ ;r S V SB moduTa toMs hard to be used in the microwave region in the case where the side band 
frequency is only 20K - 200KHz away from the carrier wave frequency of 2.45 GHz. In other words, since 
he S (upper side band) is close to LSB (lower side band), the side band filter 12 should have steep cut- 
off characteristic However, the microwave band filter is formed in many cases in the pattern of a copper fo.l 
<o on fSSc i board, which board itself has such low Q (quality factor) as 100. and accordingly, the above- 
described side band filter 12 is difficult to be achieved. 

Meanwhile according to the SSB modulator based on the Phase-Shift Method, every frequency in the 
modulated wave should be given 90= phase difference by the phase shifter 17. However, such phase shifter 
as abo' els dT^to be realized, and therefore, the SSB modulator employing the Phase-Shift Method can 
« be used only approximately in the limited frequency region. Moreover since the circuit J"™*"*" ° f 
SSB modulator using the PhaseShift Method is complicated, the above SSB modulator ,s hard to , be 
employed as a modulator for detection of a moving object which is required to be compact in size and light 
in weight. 



so 

SUMMARY OF THE INVENTION 



Accordingly, an essential object of the present invention is to provide an SSB modulator which is 
designed to be cheap in manufacturing cost, compact in size and light in weight, with simplified circuit 
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construction, without requiring particular side band filter. 

In accomplishing the above-described object, according to the present invention, the SSB modulator is 
comprised of a driving voltage generator for generating driving voltage, a diode, the barrier capacitance of 
which varies depending on the voltage impressed to the diode, a bias supply circuit for supplying the 

5 driving voltage produced by the driving voltage generator to the diode, an impedance transformation circuit 
having a two-terminal pair network possessed with linear-mapping characteristic between a load impedance 
connected to one pair of terminals and an impedance seen from the other pair of terminals, and an 
input/output terminal connected to the diode through the impedance transformation circuit, wherein a radio 
frequency power (i.e., RF power) inputted from the input/output terminal is modulated to be outputted again 

10 from the input'output terminal. 

In the SSB modulator of the present invention having the above-described construction, when the 
driving voltage is generated by the driving voltage generator an impressed to the diode through the bias 
supply circuit, the barrier capacitance of the diode is changed in accordance with the change of the 
impressed driving voltage, resulting in the change of the impedance of the diode in accordance with the 

15 change of the impressed driving voltage. On the other hand, when a RF power is radiated into through the 
input/output terminal, a reflected wave is produced by the mismatching of the impedance. In this case, if the 
output impedance of the RF power is selected to be at a given value, the reflected wave can be regarded 
as a single side band wave which is formed of a carrier wave both the magnitude and the argument of 
which are proportional to a fixed vector, and a side band wave proportional to a vector having constant 

20 dimensions and rotating to draw a circle on the complex plane on the basis of the change of the impedance 
of the diode. Therefore, the SSB modulator of the present invention is so arranged that the amplitude and 
the phase of the reflected wave brought about as a result of the mismatching of the impedance of the diode 
when the impedance of the diode is changed by the driving voltage are changed, thereby to effect SSB 
modulation. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 These and other objects and features of the present invention will become clear from the following 
description taken in conjunction with the preferred embodiments thereof with reference to the accompany- 
ing drawings, in which: 

Fig. 1 is a block diagram showing the structure of an SSB modulator according to the present 
invention; 

35 Figs. 2(a), 2(b) and 2(c) are, respectively, a circuit diagram and waveforms of the driving voltage at 

points A and B according to a first embodiment of the present invention; 

Fig. 3 is a diagram showing the impedance characteristic of a driving voltage impressed to a diode; 
Figs. 4(a), 4(b) and 4(c) are diagrams explanatory of the operation of the SSB modulator of Fig. 2; 
Figs. 5(a), 5(b), 5(c) and 5(d) are, respectively, a circuit diagram and waveforms of the driving voltage 
40 at points E, F and G according to a second embodiment of the present invention; 

Figs. 6(a) and 6(b) are diagrams explanatory of a conventional SSB modulator employing a Selective- 
Filtering Method; and 

Fig. 7 is a block diagram of a conventional SSB modulator employing a Phase-Shift Method. 

45 

DETAILED DESCRIPTION OF THE INVENTION 



Before the description of the present invention proceeds, it is to be noted that like, parts are designated 
so by like reference numerals throughout the accompanying drawings. 

Referring to a block diagram of Fig. 1, the SSB modulator of the present invention includes an 
input/output terminal 1, an impedance transformation circuit 2, a diode 3, a bias supply circuit 4 and a 
driving voltage generator 5. 

Fig. 2(a) is a circuit diagram of the SSB modulator according to the first embodiment of the present 
55 invention, with reference to which the operation of the SSB modulator will be described hereinbelow. 

The driving voltage generator 5 generates voltage which periodically decreases in monotone. Namely, 
the waveform of the voltage is shown with a kind of saw tooth waveform wherein each of saw tooth is 
formed so as to decrease the voltage from a certain high position to a given low position without increasing 
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0, any posies therebetween. An ^ • «* W » — ME£S- «■ E 
produce, , sguate wave having the '^.^^ ^1^7® eTarnitged tha, the cycle 0. 

the waveform is determined to be '^'^ oy . 1 ° _ 2(b . t , t _ ca nacitor C2 discharge, and 
becomes e.ectricai.y conductive during the ^ pence r Tl in * «b) toW « capac 9 ^ 

electrically non-conductive during the period T2 subsequent to the j»noa n . so h 
charged through a resistor R4. According the ^^Z^T® ^^^^ with 

op P os.te ends of *f ° * ^ barrier capacity depending on the voltage supplied 

voltage generator 5 The d,od ® 3 ' ^^^"f Vschottky barrier diode, etc. According to the present 
thereto, is formed, for example by a varacto .a SchottKy o transformation circuit 2 

embodiment, a Schottky barner d.ode .s employed ^J 1 ^*™™^ instant embodiment. After 

T^TcTaSristic feature of the present invention is such that the impedance of the diode 3 is changed 

SSSJS ft. phase of the reflected wave generated in the above-desenbed manner. 
ThP nneration for modulation will be described hereinbelow. 

JJX£5^^2sge impressed to the diode 3 is changed from 0 V to 3 V. the impedance of the 
hi«h- TcZ is measured which is plotted on the Smith chart in Fig. 3 (the measuring frequency .s 2.46 

' As Sen fmm Rg 3 Sugh the resistance component of the impedance of the diode 3 is almost 

?nn<Ln? the reactance component varies in accordance with the voltage supplied to the d.ode 3. That ,s 
constant £*<^™°°™^^ Qe9 along the circumference of a constant resistance circle on the Smith 
JSJTSfS is an o*i to bit Tof the chlnge of the impedance of the diode 3 illustrated on a simplified 

■ Smi* chart Moreover, an or£i H of Rg. 4(a) is an orbit obtained after transformation of the impedance rom 
fhT orbi Mn other words, the orbit II is an impedance orbit of the impedance transformat.cn c.rcu.t 2 seen 
Sn°2 Uutput term,* 1 . The marks o and . in ,e orbits I and H show 

^ re^d\ 3 o,^tm 0^ ^ V. Moreover, a broken ,ine shows how the 
<o mark x on the orbit I is transformed to the impedance marked w,th x on the orb.t I, by 

the inductance L s and the open stub C P of the impedance transformation circuit 2. 

of the SSB modulator in the first embodiment can be expressed by an equivalent c.rcu. 
shown in F* 4(c) • is to be noted here that reference characters ZL, ZC and ZD respect.vely represent 
mTTnductance L s the open stub C P and the impedance of the diode 3. The RF power source SG an its 
45 Z^ ZeZncl zo a?e connected to the input/output terminal 1 for explaining the operation of he 
moou \Z t the equivalent circuit of Fig. 4(c). the impedance of the impedance transformation c.rcuit 2 
sTen Imm the inputoutput terminal 1. namely, Zin in Fig. 4(c). is expressed by the following equation. 

ZC-ZD + ZL-ZC (1) 

Zin = 

so ZD + ZL + ZC 

/«» m_ t a -7r h = ZLZC c = 1 and d = ZL + ZC, Zin can be represented 

In the above equation (1), supposing that a-zo, 0-/.L c <mu u 

as follows. 

aZD + b (2) 



Zin = 

cZD + d 
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Generally, the two-terminal pair network, without including a power source, can be expressed by equation 
(2). It is known according to the theory of complex functions that, when all of the values a. b, c and d are 
constant, and ad-bc*0 is established in equation (2), the relation of Zin and ZD displays linear mapping 
characteristic, so that Zin draws a circle on the complex plane if ZD draws a circle on the complex plane. In 

5 equation (1), since both ZL and ZC are definite if the frequency is fixed, all of the values a, b, c and d 
become constant. Moreover, ad - be ZC(ZL + ZC) - ZL ZC = ZC 2 *0 is established, and accordingly, Zin 
can be regarded as the linear function of ZD in equation (1). Therefore. Zin also makes a circle if ZD draws 
a circle on the complex plane. As has been already described earlier, since it is clear that ZD forms a part 
of the constant resistance circle on the Smith chart, an therefore, Zin is also a part of the circle. In other 

ro words, the orbit II makes a part of a circle, not to say a closed circle. 

Referring to Fig. 4(c), when the RF power source SG is connected to the modulator of the present 
embodiment for inputting of the RF power, the mismatching of the impedance gives rise to a reflected 
wave. In this case, the reflection factor r is expressed as follows. 

is r _ Zin - Zo ( 3 ) 

Zin + Zo 

If the amplitude and phase angle of input wave is fixed, the amplitude of the reflected wave is proportional 

20 to the absolute value of the reflection factor |r|, with the phase difference from the incident wave being 
expressed as an argument of the reflection factor I*. Accordingly, if the output impedance Zo of the RF 
power source SG is selected to be equal to the normalized impedance of the Smith chart, the reflection 
factor r is expressed by a vector f as shown in Fig. 4(b). with starting from the center of the Smith chart 
and finishing at a point on the orbit II. More specifically, the phase angle of the reflected wave is equal to 

25 the argument of the vector r . and the amplitude of the reflected wave is proportional to that of the vector 
t . When the driving voltage shown in Fig. 2(c) is supplied to the diode 3, the terminus of the vector r 
moves, as shown in Fig. 4(b), on the orbit II in a clockwise direction. In other words, when the driving 
voltage is 3 V, the terminus of the vector f is positioned on the mark o, while, when the driving voltage 
becomes 0 V, the terminus of the vector T* reaches onto the mark o. The terminus moves in the clockwise 

30 direction on the orbit II in accordance with the decrease of the driving voltage supplied to the diode 3. In the 
case where the driving voltage has a periodical waveform, the terminus of the vector ? repeatedly moves 
on the orbit II in the clockwise direction. At this time, since the orbit II is known to make a part of a circle as 
described earlier, the vector E* can be broken into a vector (5 having fixed magnitude and argument 
which starts from the center of the Smith chart and ends at the center of a circle including the orbit II, and a 

35 vector 2 having a fixed size which rotates to draw a circle, with starting from the center of a circle 
including the orbit II and terminating at a point on the orbit II. 

As a result, the reflected wave is able to be regarded as a single side band wave composed of a carrier 
wave proportional to the vector C and a side band wave proportional to the vector S . Therefore, it can 
be said that the modulator according to the first embodiment of the present invention operates as an SSB 

to modulator of a reflection type. 

Although the driving voltage is designed to be smoothly reduced in periodic succession in the foregoing 
first embodiment with such waveforms as shown in Figs. 2(b) and 2(c), it is not necessarily so designed 
according to the present invention, but can be reduced stepwise as in the second embodiment shown in 
Fig. 5. Referring to a circuit diagram of the second embodiment shown in Fig. 5(a), the modulator including 

45 the input/output terminal 1, the impedance transformation circuit 2. the diode 3. and the bias supply circuit 4 
is of the same construction as the modulator of the first embodiment, except that a driving voltage 
generator 5' produces voltage having a stepwise waveform. More specifically, if the resistance value of the 
resistors R1 and R2 for giving weight coefficient of a 2-bit digital-analog converter is properly determined 
by an output signal generated from a square wave oscillator 6 (Fig. 5(b)) and an output signal obtained by 

so dividing the above output signal in half by a 1/2 frequency divider 7 (Fig. 5(c)), such driving voltage having 
a stepwise waveform as shown in Fig. 5(d) can be obtained. In the case where by the above-described 
driving voltage having the stepwise waveform is supplied to the diode 3, the terminus of the vector § in 
Fig. 4(b) does not trace on the orbit II continuously in accordance with the change of the voltage impressed 
to the diode 3, but rotates in a scattered manner to pass only four points on the orbit II. As a result of this, 

55 the same SSB modulated signal as obtained in the first embodiment can be achieved. 

In the actual modulation, the so-called double modulation is employed, that is, the driving voltage is 
modulated with ASK (amplitude shift keying or FSK (frequency shift keying) or the like by the transmitted 
binary data, and then the carrier wave is subjected to SSB modulation. The frequency of the driving voltage 
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♦ * , ^arriPr wave is set to be approximately 20K - 200KHz. in the case of the 
which corresponds to that of ^^^"^Sm power supply of the integrated circuit iC1 is 
first embodiment shown ^/^LnhT^Lrce ^e by the transmitted two value data, the 
intermittently cut. ..e turned t0 effect ASK modulation. On the other hand, FSK 
oscillation of the 1C1 ;s determined by R4 and C2 and the time constant 

moduiation can be real .zed when ^ JJ^T 0 ™^, by tne transmitted two value data. Meanwhile, in 

S ^X^^~^ "s^two value data, PSK mediation 

can be realized. H «™had hereinabove in the SSB modulator of the present invention-, there 

Accordingly, as has been descnbed he . jt the impedance transformation 

are provided the driving ^.£^^^^^3£ to the diode" is changed to change 
circuit and the ^^^^^ £ change of the impedance of the diode, the mismatching of 
the impedance of the diode °J"E^Vgin«rJon of the reflected wave. By changing the amplitude 
*"«T%Z of STSLS wa" ^ SSB moduiation is carried out in the SSB modulator of the present 
Z^Ter^ ^^or of the present invention is compact in size, light in we,ght. and 

manufactured at low cost with ™ a *^ with the preferred embodiments 

AHhough the ^^^^^^ is to be noted that various changes and 
, thereof w,th reference to Jea^panjng^ g ^ modifications are to be understood 

SeTireCe JS P-nt invent as defined by the appended claims unless they depart 
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therefrom. 



Claims 



An SSB modulator comprising: 

said diode; ( o\ Wm^d of a two-terminal pair network having linear mapping 

the other pair of terminals; ; and impedance transformation circuit (2). 

again through the input/output terminal. 
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(a) circuit diagram 
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© The SSB modulator according to the present 
invention is comprised of a driving voltage generator 
(5), a diode (3), a bias supply circuit (4), an imped- 
ance transformation circuit (2) and an input/output 
terminal (1). It is so arranged in the SSB modulator 
that the impedance of the diode (3) is changed by 
changing the driving voltage impressed to the diode 
(3), resulting in the mismatching of the impedance, 
which leads to generation of the reflected wave. 
Therefore, by changing the amplitude and the phase 
of the above-obtained reflected wave, SSB modula- 
tion is effected. Accordingly, the SSB modulator of 
the present invention requiring no particular side 
band filter is compact in size, light and weight and 
low in manufacturing cost, with a simple structure of 
the circuit. 
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